Abstract. Copper (Cu) wire bonding on the pre-plated leadframes with Ni/Pd/AuAg plating has been applied extensively in the semiconductor industry for the interconnection of integrated-circuit (IC) packaging due to the lower material cost of Cu and its excellent electrical properties. Furthermore, the Cu wire bonding on the preplated leadframe has advantages, such as the tin whisker prevention and the robust package for automotive application. Nevertheless, a stitch bondability of Cu wire-preplated leadframe is facing several challenges, such as the Cu oxidation, the high hardness of Cu wire and the very thin AuAg plating on the leadframes. This paper discusses the effect of AuAg plating thickness in roughened pre-plated leadframe on the stitch bonding of Cu wires with the leadframe. The stitch bonding integrity was assessed using Dage 4000 shear/pull tool at a key wire bond responses of stitch pull at time zero (T 0 ). Results show that the stitch pull strength of the Cu-leadframe stitch bonding increases with the increase thickness of AuAg layer. FESEM images of the stitch bonding between the Cu wires and the pre-plated leadframes of different AuAg plating thickness did not show any defect in microstructures, thus it suggests that the bonding property is determined by diffusion mechanism at the Cu wire/AuAg stitch bonding interface. Finally, a brief discussion is provided on the stitch bondability of high performance Au-flashed palladium-coated copper wires on the pre-plated leadframe with different AuAg thickness.
Introduction
Copper (Cu) wire bonding on the pre-plated Cu leadframes is used in the current IC packaging industry as it is cheaper than gold (Au) [1] . Cu wires are susceptible to oxidation and have a higher hardness than the Au wires, thus the former wires require a stronger bonding force and ultrasonic energy during bonding [2] . Furthermore, the copper wire bonding to the preplated leadframes was reported to have a lower stitch bond yield than that of the gold wire bonding [3] . A continuous quality improvement of the IC packaging leads to the usage of roughened Ni/Pd/AuAg pre-plated Cu leadframes (manufactured by Samsung Techwin) because it provides whisker-free and reliable bonding as well as mold interlocking function of robust package, particularly for the automotive application. However, the rough and thin plating structure of Ni/Pd/AuAg provides additional bondability challenges during thermosonic bonding process due to the uneven contact surface of the roughened leadframe with the Cu wire surface and the disparity in the thermal and mechanical properties of materials constituting the multilayer plating. The study of Cu wires bonding on the roughened preplated leadframe may provide insight on surface microstructural effect of roughened preplated leadframe on the Cu wires-leadframe bondability, so that it will benefit the future development of high performance leadframe for IC interconnection packaging application. This paper reports stitch pull strength measurement of Cu wires onto roughened Ni/Pd/AuAg pre-plated Cu leadframes plated with various AuAg thickness. Bonding interface of the stitch bonding was observed using FESEM to detect possible microstructural defect in bonding microstructure resulted by the different plating thickness.
Experimental
The stitch bonding of Cu wires (5N bare Cu, purity: 99.999 wt%, Tatsuta Electronic Materials Co.) was performed on the roughened Ni/Pd/AuAg pre-plated Cu leadframes (Quad Flat Package [QFP] design, total lead count = 128, Samsung Techwin Co.) with various AuAg thickness, i.e., 9, 15, 24, 31 and 36 nm. The roughened prep-lated leadframes have AuAg layer on the top surface, followed by Pd layer (thickness= 5-10 nm) and Ni layer (thickness= 250-600 nm) on the Cu leadframe. The stitch bonding of Cu wires on the Cu leadframe was performed using the Shinkawa UTC1000 wire bonder (KNS capillary type with Cupra Plus version) at room temperature and in 95 vol% N 2 -5 vol% H 2 gas environment (flowing rate of 0.3-0.5 L/min). The copper wires used in this study have a diameter of 30 µm.
The stitch bonding quality of Cu-leadframe was assessed using the Dage 4000 pull / shear tool, in which a stitch pull strength of 30 stitch bonds that were randomly picked from five units of the leadframes was measured. The result was further analyzed using Cornerstone software. Using a field-emission scanning electron microscopy (FESEM, Model: SU8020, Hitachi), the surface and cross sections of the stitch bonding were examined to identify any abnormality in the bond microstructure.
Results and Discussion
The result of the stitch bond strength is shown in Fig.1 . The result shows that the stitch pull strength increases with the increase of AuAg thickness, but then it becomes constant above AuAg thickness of 24 nm. All the bonding samples showed similar failure mode of breaking at the stitch heel, which was acceptable in the wire bonding process.
The high stitch bonding strength of Cu wires at a higher AuAg thickness is probably attributed to a high diffusion activity in the Cu wire/leadframe interface. It is thought that Cu diffused into AuAg because of the smaller Cu atom size than AuAg. No intermetallic compound formation is expected because Cu is completely soluble with AuAg [4] . It is suggested that Cu atom diffused through grain boundaries and active slip planes of AuAg layer as reported elsewhere [5] . AuAg layer's slip mechanism may be induced by a thermosonic energy or compression supplied by the Cu wire bonder, which increases slip dislocation of AuAg. Thus, it enhances the mobility of Cu atoms [6, 7] . In the case of ta hinner AuAg layer, it is expected that less Cu atoms diffused into the slip plane, causing a weaker stitch bonding. [8, 9] . However this was not observed across the bonding surface during the studies. This may due to the different scrubbing mode and parameter during bonding which does not induce the mechanical mixing between the wires and leadframe plating surface [10] . In order to improve the stitch bondability, Pd-coated Cu wire treated with Au flash has been developed to protect Cu wire from oxidation and increases the wire's strain rate. This process in turn improves the bonding strength and provides a bigger window for bonding process [11] . It is 
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Recent Technologies in Design, Management and Manufacturing also believed that the new Pd-coated Cu wire may contribute to a higher stitch pull strength and eliminate the occurrence of non-stick-on-lead failure. Nevertheless, Pd layer on the Cu wire may inhibit diffusion of Cu atoms from Cu wire into AuAg layer, which is observed by Liu et al. where Pd is present between the interface of Cu wire and Ag layers and no Ag was found in the Cu wire [12] . With the addition of Au flash onto the Pd-coated Cu wire, the chemical similarity with the AuAg of pre-plated leadframe and softening effect of the Au flash on the Pt-coated Cu may negate the detrimental effect of the Pd layer as the diffusion barrier of Cu atoms into the AuAg layer in pre-plated leadframe.
Conclusion
Stitch bonding strength of Cu wires on the roughened Ni/Pd/AuAg pre-plated Cu leadframes is affected by the AuAg thickness of the latter. A minimum AuAg thickness of 15 nm is required to achieve sufficient stitch pull strength between the Cu wires and the preplated leadframes. The improved stitch bondability for the leadframes with a thicker AuAg layers is attributed to a higher Cu diffusion level of Cu atoms into the AuAg layer. It is believed that the thicker AuAg layers contain a larger amount of slip dislocations created by the thermosonic or thermocompression energy of the wire bonder, thus increases the rate of Cu diffusion into the AuAg layer. This, in turn increases the stitch bonding strength of the Cu wire on the pre-plated leadframe. Although Pd layer on Pd-coated Cu wires may act as a diffusion barrier for the Cu diffusion into the AuAg layer of pre-plated leadframe, it is predicted that the addition of Au flash onto the Pd-coated Cu wires may negate the detrimental effect of the Pd layer.
